INTRODUCTION {#sec1-1}
============

Cardiovascular disease is a major cause of morbidity and mortality and accounts for up to 70% of the major adverse clinical advents in the first year following liver transplantation. Indeed, cardiovascular disease remains the leading cause of non--graft-related death in the longer term.\[[@ref1]\] Although the high incidence of cardiovascular events post-transplant is regarded as being multifactorial, the increased prevalence of components of the metabolic syndrome (abdominal obesity, atherogenic dyslipidemia, hypertension, insulin resistance ± glucose intolerance, proinflmatory state, and prothrombotic state) attributed to the immunosuppressant therapy post-transplant, is important.\[[@ref2]\] The exact prevalence of coronary artery disease (CAD) in patients with end-stage liver disease (ESLD) being evaluated for orthotopic liver transplantation (OLT) is unclear based on the available definition and diagnostic methods used for diagnosing CAD in this population.\[[@ref3]\] The assessment of CAD with coronary angiography (CA) in patients who were being evaluated for OLT revealed that among those who had no prior history of ischemic heart disease and were currently asymptomatic, 13.3% had coronary stenosis greater than 70%.\[[@ref4]\] However, based on data from other studies utilizing CA as a diagnostic technique for CAD diagnosis, the prevalence rate ranged from 2.9 to 24.5%.\[[@ref5]--[@ref9]\] Given a 2.5% prevalence rate of CAD in the asymptomatic men in the general population, the former belief that CAD is uncommon in patients with ESLD no longer appears to be true.

Experience with stress myocardial perfusion single-photon emission computed tomography (MPS) in patients with ESLD is limited and conflicting. The usefulness of MPS perfusion imaging in ESLD has been demonstrated in some studies. A normal stress MPS study identified patients at a very low risk for early and late cardiac events despite a high risk profile. Furthermore, the prevalence of abnormal MPS in this study was 9%.\[[@ref10]\] In contrary, Davidson *et al*. found a very limited role of MPS testing in cardiac risk assessment before liver transplantation because only 13% of patients who underwent preoperative MPS testing had positive scans, which reflects a low prevalence of CAD in this population. Furthermore, only one of those (1.5%) had a high-risk scan. Similarly, only one patient with known CAD had a reduced left ventricular ejection fraction (LVEF). Subsequently, the author please see above change from investigator to name of the author concluded that routine MPS testing "to rule out cardiomyopathy" does not appear justified in asymptomatic (from a cardiac standpoint) patients with ESLD. No major cardiac perioperative events (death or myocardial infarction) were noted in the study population.\[[@ref11]\] Also, some investigators found a limited role for noninvasive stress MPS testing in cardiac risk assessment before liver transplantation and demonstrated that stress MPS imaging has a poor predictive value for CAD in OLT candidates.\[[@ref12]\]

The aim of this study was to determine the prevalence of abnormal MPS as a marker of CAD and abnormal LVEF as marker of cardiomypathy or heart failure in all patients with ESLD undergoing assessment for OLT. The long-term goal will be to correlate these findings with cardiovascular events postoperatively.

MATERIALS AND METHODS {#sec1-2}
=====================

Patient population {#sec2-1}
------------------

This was a retrospective study that had been approved by institutional review board. One hundred sixty-seven consecutive patients with end-stage liver who are being considered for OLT were enrolled in this study. All the patients had undergone stress MPS as a routine work up. The electronic and paper charts of each patient were reviewed, and baseline demographics, medical history, and etiology of ESLD were recorded. Patients with known CAD, unstable medial conditions or nondiagnostic stress MPS studies were excluded.

Preoperative myocardial perfusion single-photon emission computed tomography imaging {#sec2-2}
------------------------------------------------------------------------------------

In our institution, preoperative MPS imaging is performed as a routine investigation in all transplant candidates who have two or more CAD risk factors such as DM, HTN, hypercholesterolemia, or symptoms suggestive of CAD. MPS with technetium-99m sestamibi or technetium-99m myoview imaging was performed according to the standard recent guidelines of American Society of Nuclear Cardiology (ASNC).\[[@ref13]\] Stress testing was done with dipyridamole in 137 patients and treadmill exercise in 23 patients. All patients had ECG gated SPECT imaging. A single reader performed the image interpretation. Abnormal SPECT imaging results were defined as reversible (ischemia) or fixed (scar) perfusion defects (or both) and quantified as small, moderate, or large. Abnormal stress SPECT was classified as low risk (perfusion defect less than 10% of the myocardium), moderate risk (perfusion defect in the range of 10--20% of the myocardium) and high risk (perfusion defect more than 20% of the myocardium) and abnormal ejection fraction (EF) of less than 35%. LVEF was calculated on gated images; LVEF less than 50% was considered abnormal.

Statistical analysis {#sec2-3}
--------------------

Categorical data are presented as percent frequencies and compared between groups by chi-square or Fisher\'s exact test. Continuous variables are presented as mean ± 1 SD. Student\'s *t* test was used to determine differences between continuous variables. Type I error was set at 5%. A *P* value equal to or less than 0.05 was considered statistically significant.

RESULTS {#sec1-3}
=======

Patients' characteristics {#sec2-4}
-------------------------

The pertinent demographic data of the study patient population are shown in [Table 1](#T1){ref-type="table"}. Only 7 patients out of 167 were excluded for one or more of the following reasons. The MPS study was not diagnostic in three patients due to one or more of the following excessive extracardiac activity motion artifacts or Left bundle branch block (LBBB) and false-positive result could not be excluded; and three patients refused to have stress test and/or stress imaging \[[Figure 1](#F1){ref-type="fig"}\]. Thirteen patients out of total 160 had abnormal stress SPECT that corresponds to 8% of the estimated prevalence. The number of low-, moderate-, and high-risk scans was 7, 2, 4, respectively. The mean EF was 61±9%. Twelve (7.5%) out of 160 patients who completed rest and gated stress imaging had low LVEF (less than 50%).

###### 

Clinical characteristic of the study population

![](IJNM-26-7-g001)

![Nondiagnostic myocardial perfusion SPECT in a 59-year-old male who was a liver transplant candidate. Stress images shows extensive extracardiac activity adjacent to the inferior wall of the left ventricle (arrows), a common finding in patients with liver disease due to ascites and bowel activity. The rest of the images show normal myocardial perfusion. To role out coronary artery disease, coronary computed tomography was performed, and showed normal coronary arteries (SAX: short axis, VLA: vertical long axis, HLA: horizontal long axis)](IJNM-26-7-g002){#F1}

Association between abnormal stress myocardial perfusion single-photon emission computed tomography and coronary artery disease risk factors {#sec2-5}
--------------------------------------------------------------------------------------------------------------------------------------------

CAD risk factors were as follows: DM 65 (41%), HTN 54 (39%), hypercholesterolemia 40 (25%), smoking 29 (18%), male gender, and age more than 55 years. There was a strong correlation between abnormal MPS and DM (*P*=0.46) and male gender (0.26), but there was no association with HTN (*P*=1), hypercholesterolemia (*P*=0.849), age (*P*=0.047), smoking (*P*=0.62) or etiology of the liver disease (P=0.79). In multivariate analysis, the only significant correlation was observed with male gender (odds ratio 7).

In our patient population, the etiology of ESLD was as follows: Hepatitis C (HC) 75 (47%), Hepatitis B (hep B) 45 (28%), cryptogenic 15 (9%), nonalcoholic steatohepatitisNASH 7 (4%) and others (include primary sclerosing cholangitis, autoimmune hepatitis, Wilson disease, schistosomiasis, and alcoholic liver disease) 18 (11%) \[[Figure 2](#F2){ref-type="fig"}\]. The etiology of the liver disease had no correlation with result of stress MPS imaging.

![The etiology of end-stage liver disease that is being considered for liver transplantation. Others indicate autoimmune hepatitis, Wilson disease, alcoholic liver disease, and schistosomiasis](IJNM-26-7-g003){#F2}

DISCUSSION {#sec1-4}
==========

The main conclusion of this study is that the prevalence of abnormal stress MPS in patients with ESLD who are being evaluated for OLT is low (only 8%). Furthermore, the prevalence of high-risk stress SPECT is very low; only 4 patients (2.5%) had abnormally high-risk scan out of 160. The prevalence of abnormal EF (less than 50%) is 7.5%. In addition, there is a significant association between abnormal EF and abnormal MPS, suggesting that the etiology of cardiomypathy in ESLD is most likely to be CAD. Both DM and male gender are the most independent predictive factors for abnormal MPS.

Prevalence of coronary artery disease in end-stage liver disease {#sec2-6}
----------------------------------------------------------------

The exact prevalence of CAD in patients with ESLD is extremely variable based on current literature. Our data suggest that 8% of these patients had abnormal stress MPS. Unfortunately, the prevalence of abnormal SPECT in our general population is unknown for comparison. However, our data are concordant with those of the previous studies of Zoghbi *et al*.\[[@ref10]\] and Kryzhanovski *et al*.\[[@ref11]\] Zoghbi *et al*. demonstrated that the MPS studies were normal in 91% of patients despite the high-risk profile of these patients compared with those with no MPS studies, and most importantly, they found that patients with normal perfusion and left ventricular function had a low cardiac event rate during the 2-year post-transplant period. Kryzhanovski *et al*.\[[@ref11]\] found that the prevalence of abnormal MPS study in ESLD was 13%. Only 1.5% had high-risk scan, and 7.9% and 3% had low- and intermediate-risk scan, respectively.

Unfortunately, the sensitivity and specificity of MPS in patients with ESLD have been reported to be very low in previous studies. Davidson *et al*.\[[@ref12]\] found the sensitivity and specificity of MPS in patients with ESLD and compared the MPS with CA and found that the sensitivity and specificity are 37% and 63%, respectively. This is very low compared to the sensitivity and specificity of stress MPS in the general population, which have been reported to be 83--90% and 82--92%, respectively.\[[@ref14][@ref15]\] The poor sensitivity of stress MPS in patients with ESLD has been postulated to some factors that include decreased arterial vascular resistance and impaired typical response of the coronary arteries to vasodilator agents. Other noninvasive cardiac imaging techniques such as Dobutamine stress echocardiography DSE may be more sensitive but less specific for screening CAD in this population. It has been shown that the sensitivity and specificity of DSE in ESLD is 75% and 57%, respectively, although only 18 patients were studied.\[[@ref8]\] Some authors have suggested that the true prevalence of the occurrence, nature, and clinical implication of CAD in patients with ESLD can only be studied using a very large and randomly selected groups of patients with different etiologies of liver disease and cirrhosis, who undergo a detailed cardiovascular assessment including MPS, rest and stress echocardiography, and CA.\[[@ref16]\] This evaluation must include the presence or absence of CAD risk factors and other possible factors that are common with this population such as anemia, pulmonary condition and nutritional and metabolic derangements.\[[@ref11]\]

Prevalence of cardiomypathy in patients with end-stage liver disease {#sec2-7}
--------------------------------------------------------------------

Our data show that the prevalence of abnormal systolic dysfunction in this population is 7.5% (12 out of 160 patients) having a strong correlation with abnormal stress MPS. This finding suggests that the etiology of cardiomypathy in ESLD is most likely related to CAD. It has been thought that the prevalence of cardiomyopathy is greater in patients with ESLD than in the general population.\[[@ref17][@ref18]\] Patients with ESLD have multiple problems that place them at a risk of heart failure. Patients with liver disease have defects in both systolic and diastolic function which only become obvious with physiologic stress such as liver transplantation. In addition to CAD, there are some factors that may contribute to cardiomyopathy in ESLD. The collective pathologic changes that occur in patients with ESLD are termed as "cirrhotic cardiomyopathy" and occur to some degree in all patients with liver disease.\[[@ref19]\] Although the clinical presentation of the cirrhotic cardiomyopathy can be variable, all patients have four common features. These are: (1) baseline increased cardiac output; (2) attenuated systolic contraction and diastolic relaxation; (3) electrophysiological abnormalities including repolarization change; and (4) a reduced response of the heart to direct beta stimulation (β-incompetence).These changes occur in the absence of overt congestive failure.\[[@ref20]\]

Relationship between coronary risk factors and abnormal myocardial perfusion single-photon emission computed tomography result {#sec2-8}
------------------------------------------------------------------------------------------------------------------------------

In our population, DM (*P*=0.046) and male gender (*P*=0.26) were the most predictive risk factors for the SPECT result, but there was no association between MPS result and HTN, hypercholesterolemia, etiology of ESL, or age. Our results are very similar to those of Cary *et al*.\[[@ref4]\] who showed that diabetes was the most predictive risk factor, and those without risk factors do not require extensive preoperative cardiac evaluation. Impaired fasting glucose is a surrogate marker of hepatic insulin resistance. Moderate or severe insulin resistance was found in one study to be 77.2% in patients with ESLD, presumably a reflection of ESLD. Insulin resistance is important in the pathogenesis of the metabolic syndrome, and a correlation between components of the metabolic syndrome and the coronary artery calcification, which is a surrogate for coronary artery atherosclerosis, was found.\[[@ref21]\]

Study limitations {#sec2-9}
-----------------

There are several limitations to our study. It was a retrospective and nonrandomized patient population study. There was no correlation with CA which is currently the gold standard for assessment of CAD; subsequently, this prevalence was based on MPS result only. Nevertheless, our results seem to be similar to those of other previous studies. In addition, perioperative complications such as myocardial ischemia, myocardial infarction, or heart failure and postoperative follow-up are not available.

CONCLUSION {#sec1-5}
==========

Based on our data, the estimated prevalence of abnormal MPS and LVEF in patients with ESLD is found to be approximately 8%. The most independent risk factors for CAD in these patients are DM and male gender. There is no association between MPS and CAD risk factors such as HTN, hypercholesterolemia, or smoking history. Currently, there are still limited data regarding the prevalence of CAD in ESLD and usefulness of MPS in these patients. A large, randomized, prospective study is highly recommended to assess the true prevalence of CAD and usefulness of MPS in patients with ESLD.
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